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$p\geq 1$ $(FH)$ $FIf$ :
$FIf$ $L^{p}$ $(p=1$
) [Mim] $n\geq 4$ $k\geq 0$
$SL_{n}(\mathbb{Z}[X_{1}, \ldots, X_{k}])$ $FIf(1<p<\infty)$
Chatterji-Drutu-Haglund[CDH10] $p\in[1,2]$ $FIf$
$p\in[1,2]$ $FIf$
$p>2$ $FIf$ Yu [Yu05]
$(FH)$
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1 Banach
$\Gamma$ $K$ $K$
$\gamma\in K$ $\gamma^{-1}\in K$ $(B, \Vert\Vert)$ Banach
$u,$ $v\in B$ $\Vert u+v\Vert<2$ Banach $L^{p}$
$(1<p<\infty)$ Banach ( Banach
Banach )
$\pi$ : $\Gamma\cross Barrow B$ $\Gamma$ $B$ $c$ : $\Gammaarrow B$ $\pi-$
$\gamma_{1},$ $\gamma_{2}\in\Gamma$ $c(\gamma_{1}\gamma_{2})=\pi(\gamma_{1}, c(\gamma_{2}))+c(\gamma_{1})$ $\Gamma$
$B$ $\alpha$ : $\Gamma\cross Barrow B$ $\Gamma$ $B$
$\rho$




$\pi$ $\Gamma$ $B$ $\mathcal{A}(\pi)$
$r$ 1 $\Gamma$ $B$ $\alpha$ $v\in B$
$F_{\alpha,r}(v):=( \sum_{\gamma\in K}\frac{\Vert v-\alpha(\gamma,v)\Vert^{r}}{|K|}I^{1/r}$
$v$ $\alpha$ $F_{\alpha,r}(v)=0$
$| \nabla_{-}F_{\alpha,r}|(v):=\max\{\lim_{uarrow v},\sup_{u\in B}\frac{F_{\alpha,r}(v)-F_{\alpha,r}(u)}{||v-u||},$ $0\}$
$|\nabla_{-}F_{\alpha,r}|\#X,$ $F_{\alpha,r}$
1.1. $\pi$ $\Gamma$ $B$ $r$ 1 $\pi$
:
(i) $\alpha\in \mathcal{A}(\pi)$
(ii) $C$ $\alpha\in \mathcal{A}(\pi)$ j $F_{\alpha,r}(v)>0$ $v\in B$
$|\nabla_{-}F_{\alpha,r}|(v)\geq C$
(i) (ii) Guichardet [Gui72]
(ii) (i) $F_{\alpha,r}$ $F_{\alpha,r}$
Banach $B$
Banach $B$ $\Gamma$ $\pi$




$K$ $\gamma\in K$ $\gamma^{-1}\in K$ Lebesgue $\ell^{p}(\Gamma)$
$F$ $\{f:\Gammaarrow \mathbb{R}|\sum_{\gamma\in\Gamma}|f(\gamma)|^{p}<\infty\}$ $\Vert f\Vert_{\ell^{p}(\Gamma)}:=(\sum_{\gamma\in\Gamma}|f(\gamma)|^{p})^{1/p}$
Banach
$\Gamma$
$\mathcal{F}(\Gamma)$ $\Gamma$ $\mathcal{F}(\Gamma)$ $\lambda_{\Gamma}$
$f\in \mathcal{F}(\Gamma)$ $\gamma,$ $\gamma’\in\Gamma$ $\lambda_{\Gamma}(\gamma)f(\gamma’)=f(\gamma^{-1}\gamma^{f})$ $\lambda_{\Gamma}$
$l^{p}(\Gamma)\subset \mathcal{F}(\Gamma)$ $\lambda_{\Gamma,p}$ $\lambda_{\Gamma,p}$ $\Gamma$
$l^{p}(\Gamma)$
$f\in \mathcal{F}(\Gamma)$ $df(\gamma):=\lambda_{\Gamma}(\gamma)f-f$ $f\in \mathcal{F}(\Gamma)$ p-Dirichlet
$\gamma\in K$ $df(\gamma)\in l^{p}(\Gamma)$ p-
Dirichlet $D_{p}(\Gamma)$ $\ell^{p}(\Gamma)$ $D_{p}(\Gamma)$
$D_{p}(\Gamma)$ $\Vert f\Vert_{D_{p}(\Gamma)}:=(\sum_{\gamma\in K}\Vert df(\gamma)\Vert_{\ell^{p}(\Gamma)}^{p}/|K|)^{1/p}$
$f\in D_{p}(\Gamma)$ $\Delta_{p}f$
$\Delta_{p}f(x):=\sum_{\gamma\in K}\frac{|df(\gamma)(x)|^{p-2}(df(\gamma)(x))}{|K|}$
$P\leq 2$ $df(\gamma)(x)=0$ $|df(\gamma)(x)|^{p-2}=0$





$f\in D_{p}(\Gamma)$ $df$ $\lambda_{\Gamma,p^{-}}$
2.1. :
(i) $\alpha\in \mathcal{A}(\lambda_{\Gamma,p})$
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